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SUMMARY AND CONGLUSIONS

many caleunictions in respiratory physiology involve

the assumption that alveolaxr air hesg a.temparature of 37
degrees C and is completely saturaled with water vapor.

he determination of the pressures of oxygen and. carbon
dioxide in the alveolar air, for éxample, reguires correc—
tion for wabter vapor preasure. Furthermore,- in relating
TTalvoclay gas pressures to the tensions and volumes of gas
in the bloed leaving the alvealarn -eapillaries, it is cus-
tomary to refer to dissocistion curves established ab 37
degrees (.- While there is little reason to suspect that
alveolar air and pulmonary capillary blood fail to reach
general body temperature under normal external environ-
mental conditions, there 1s a possibility that lung tom=
peratuxes may be lowered when extrefély cold air is
breathed. Such lowering of the temperature of alveolsr
air would, if present, alter the standard correction ®ux
water vapor pressure and might even 1oWer the temperat. =
. of alveolar blood in capilllaries, thus causing a shift i.
the oxyhemoglobin disscociation curvea

The present study was undertaken to provide direct
observations on temperature end humidity of =@ir in the - —
mouth, trachea, and right main bronchus of a human sube
jeét. Méasurements were taken both when the subject
breathed air at rodm temperature and when he breathed
oxygen which was cooled to low temperatures.
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. The supplying of' extremely ccld air to the subject
introduced practical difficulibties which were aveided by
substituting oxygen. In previcus testing it had been
found that the gas leaving the ovaporshing chamber of an

atmospheric type ligquid oxygen converter Lacame progres-

sively colder if the oxygen were allowed ho flow at its
maximum xate for awn extended period of time. In the
present studies a Mathier-Mijan converter was used as a

-y - £\ = -~ P >
- SOuTGS of o6l OXyesn. A stendard Nevy A-12 diluter

demand oxXygen regulator was introduced intio the system
between the liquid oxygen converter and an A-14 mask.
For approximately 1/2 hour before sach expsriment the
diaphragm of the rsgulator was depressed to allow maxi-
mal flow. During this time the evaporating chamber and
thenn the regulator and tubing graduvally became' frosted
over. This outer layer of ice served as insulation pre=
venting rapid warming ¢f the oxygen as it fiowed from
the converter to the mask. The témperature of the ga.

at the time it was inspired by the subject Wa§=mﬁ‘§"ﬁad“

by means -of & thermocoupls inside the mask and was found
to be =36 degrees ¢ in our experiments.

An instrument was designed whereln two thermecouples
were to be placéd in a semi-rigid rubber catheter (one
thermocouple to be covered with & wet wick) for imSertion
into the right main bronchus. By placing the thermo-
couple junctions in the wide, bell-shaped part of the
¢atheter, and inserting that snd first, the junctions wers
kept suspended in air and not allowed Lo btouch surrounding
tissues, Air holes were cut in the bell=shaped part of
the catheter so that a stream of air could pass over the
Jjunctions; in this way the wet and dry temperatures would
be those of the air rather than of the trachsa.

Consteantan and chromel-P were specified as the two
metals for the thermocouple construction, since we -
desired (1) low specific heat of materials so that a low
heat capaclty would facilitate a rapid response, and (2)
g low thermal conductivity so that the vemperatuxe at
the junction would not be affected by rontact of the
wire with other materials of different temperatures ab
points other than the junctions thomselves. We also
desired very fine wires in the thermocouples in order
that the heat capacity would not be raised by the in-~
creased mass of metal. . )
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. Powell (17) had shown in 1936 that thermocouples
could be used for psychrometric purposes, and that the .
rezponse was rmuch more rapid than for the conventional
wec-dry bulk thermometer type of. psyohrgmetor. His

psychrometer gives a. relative hnmidity highor tban the

calculaved value by about & wo S psrcent over most of
the range, but at values approacning saturation (R.H.=

97 percént), the reading is only O.5 percent high.

This discrepamcy is obviated by ventilation.

The instrument was constructed for us by Professor
M. K. Fahnestock of the Engineering Experiment Station
of tha University of Illinois (Fig. 1). It was due to
his suggestion that a switoh was Iincorporated which
enabled us to read directly the difference between dry
and wet temperatures (tsT)o A cotton breadcloth wick
was fashioned to covey the jurictions of dne of the
thermocouples.. This was wet with distilled watér pricr
to any measurements, and this wet junction was placed 2

\mﬁ.nroxlmalﬁto the dry junction by shortening the length

of the "wet® thermocouple. This practice was recommended

_ by Powell (17) in ordér to prevent the freshly vaporized
water from affecting the dry reading. )

- —— Thirty~four-gauge wire was uised for hoth the con- __
stantan and chromel-P wire. Thermal potentials were

measured by means of a Leeds and Northrup type E~2 poten-
tiometer, using the I&N type R galvanometer &5 & Rudi=
point indicator. This galvanometer has a period of 2.8
seconds and & sensitivity of .0025 pe/mm at a distance

of 1 m. With this arrangement, a sensitivity of better
than 0.01° C was obtalned. Actually, it was found that
the physical system was capable of sn accuracy much
greater than that al? ~wed by the physiological variables.

The introduction inte the right maja bronchus of
the catneter containing the thermocouple was accomplished
on both occasions by Lt. Comdr. Joseph K. Bradford (MC)
USNR. The subject received 100 mg of nembutal amnd 1.2 mg
of atropine sulfate by mouth approximately 1/2 hour before
the Procedure was sbanrtsds Surfacs andsathasis was ob-
tainad with 2 percent larocaine during the first experi-

ment and 5 percent larocaine during the sscond. The
cathoter was passed vetween the voeal cords with the help

o1 indirect La;yngopcopy and was then sdvanced until it
was estimated that the tip lay in the right main bronchus.
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The anesthesia was not completely satisfactory, and ) ;
difficulty was encountered in passing the dilated bell-« .
shaped portiun of the catheter between the cords. In

each case howaver, the themmoccuples were finally placed

in the desired position after a few unsuccessful attempts.
The thermoeouplaa were left in placc for 15 to 20 minutes

or both occasions. Much sticky mucons was present from

the start but appeared to incrsass with tima,

. RESULTS

___Aftsy caiibration of the theymocouples witn asaard
to temperature and humidity, & test was made to ascertain
the rapidity of the response to the changes involved in
the different phases. The catheter was placed in a rubber
tube that had an inner dlameter slightly greater than
that of the trumpet end of the cabtheter. By having a sub- -
jeet expire through this tube in various ways, it was
found that the respohse of the thormocoup;es was suffi-

clently rapld.
he expired alr leaves the throat

U«llat tbb\l “Vaup?
s .

almost saturated with water vapor
Apparently, the first part of the

Table 1 shows th
C’iv abt\-n"' '&Ro (!, aﬂ
ure

at this temperat

_ﬁ"dead-space“ air is “less saturated (87%).

Table 2 1lists the data obtained from the first ex~
veriment in which the catheter containing thé wet and dry
thermocouples was insérted into the right main bronchus.
It can be seen that the inspired air reached body tempera-
ture  even during hyperventilation of cold, dry cxygen from
& Mathis-Milan liquid oxygen generator at -36° C. The con-
glstency of the aqueous vapor tension data appears inter-
esting, but the authors fear that much value cannot be
attached to them. The holes in the catheter, provided for
free air passage, became plugged with mucus, and the wet
temperaturs as well as the dry temperature readings re-
meined constant during the dlfferent phases of respira-
tion. One possible explanation of the unsaturation under
these conditions is that the humidity readings were a
measurement of the air in the trumpet-shaped end of the
F in turn would probably reflect the aqueous

he mueus plugging the holes. in #he

i

catheter, wh

vapor pressur
catheter wall.

It will be noted that the lunﬁ air temperature was_
about a ‘degree higher than "normal" body temperatureo) It
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is believed that the subje actis body temperature was
raised by the QO“Q”ng durins the introduction ef the

cathetera
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Table 3 presenis the data obbtained during a second
experiment with the thermocouples in the right main
bronchus. A higher concentration of the anaesthetic.
was used, and also the temperatu”e of the inspired air
was measured at differend lavels in the trachea while
| : the subject breathed dry oxygen at =21° to =25° G, In
; this &eries, it will be noted that the lung air tempstas
| ture did not deviate significantly from the "normal

body temperature of 37  GC. ) ’ ::
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R ‘Thé comments nade concerning the unrel: iablllty of
the water-vapor dats of the~f1rst tracheal 3Xﬁeﬁiﬂ@§£
Here

"gain-ibere was no dsviation of wet ov dry temperaturas

after the catheter had reached the right main bronchu.g

and asgein it was noted that the holés cut in tne
catheter wall were filled with mucus.
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The experiméntal results with the thermocouples in
the mouth should not have been affectsd by the poor
ventilation which ifhflugriced the results with the Thermo=
couples in the right bronchus., It was noted that the =
expired air was almost completely saturated witn water
vapor, and thegé results are in close agreeniént with those
of Liljestrand and Sahlstedt (10) who weighed the expired
water vapor abscrbsd by desiccants.
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The agueous saturation observed in all three of our
axperiments indicates that Lhe water vapor content of
expired ajr is independent of the rate of respiration,

! ‘o a fact alrsady noted by Spzalman {(15) in connection with
1 - his calculations of heat loss through the lungs as a

' ) resu}t of water evaporation.
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While the vapor preasures in the right main bronchus
' are admittedly opsn to question for reasons already given,
- the tempersture dsta appesar to be reliable. The fact —
that we found cold (=36° G) dry oxygen warmed to body - _F
v temperature, even during hyperventilation 1s quite in '
= kseping with thé results of Moritz and Weisiger (11) who
= made thermocoupls measurements of the tracheal air of
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S anaesthetized dogs while the animals were breathing air N
4 at temperatures as low as =100° C for periods of time
L ranging from 20 to 133 minutes. While the inspiratory
I temperatures at the larynx in thelr experiments were . 5
. sometimes as low as «5Q% C, they were never lower thean .
b 218% ¢ abt the bifurcation of the trachea. These authors -
. concluded that it is unlikely thaf any significant injuxy <
{ ;‘“ to the air passages or lungs in man would resily from : -
& breathing air at any degree af coldiess encountered in R
| = non-experimental conditions. The results of" the present R i
I T eXpeTimeiicsS SubsStanviabss s IS o - s .
{ 2 At the Banting Instibute an experiment similar to B
| = that done by Moritz and Weisiger was performed, except
| v that thermocouple btemperature measurements wers mags of o
7 the tracheal wall. Inspired uir colled to =62° h-1 no z
{ . effect on the tracheal temperatures of anaesthetized dogs. g
» ' , ' - e
{ 4 In 1927 Binger and Christie (4) and Orzagh and
= Duboezky {i2) inserted thermecouple contalning needles ~ .
? diréctly into the lungs of anassthetized dogs during IR =% .
i normal breathing at. room temperabtures and found the —
| ‘ lung and pleural tissues to be slightly lower than rece *"
> tsl temperaturss. The former authors obtained a differs -
= ence of 0.3 to 0.4° C while the labter noted 0.1 to (.2 =
s Ca - a -
‘.i- . ) R i o
L Thé ¥arious experiments which have been performed- =
” lead to the conclusion that breathing cold air does nci =
| lower the temperature of alveolar air apprecilably except : I
i _ under conditions much more vigorous than those of the o
‘ _ ~experiments reported here. Since the chilling effect of
. air becomes less at high altitude, thers is 1little possgi=- !
u bility that effects upon the alveoli of physiolcgical .
! = significance will be encounvered in avietion medicine, ;
-
! :
/
o , Y
! ::_ o R ;_- !
{ i o
| ﬂ -5 = :
ki -
{ [l I
5 ;\"H 1
N
o= - — - - — g




i e KL Ly Sam L S 4 A e et

A

v
LA o W
.

-
[
i

0

e st

-3

B
©

o]
‘o

<1
©

13,

15,

o p—

16,

{
. "
:
? .
& 18
.
B
.%

12,

14,0

1942,

 BIBLIOGRAPHY -

Azz0 Azzi, Archa. Ital. Biole, 6; 203-216, ° Respo Hs0
elim;nated by normal organlsm under varicus. cOﬁditionso

Banting Institute, April 1941, #332, "The physialogic

Y -nk il 2 ~ - v
effects of breathing vgld utmesphﬂnic et

Ben dict and Benedict, Blochemo 4o, 186 278~312 1927,

- ST
Binger ang vnr¢§tie, Jo EXpo muuo, 46, 571

©w
[~
€0 -
0

Boyd and Johnston, Amo Jo Meds Scie, 201, 6, 1941, 810=
815. TR e o e

_Burch, Go BE., Science (102), 619, 14 Dec. 1945.

Christie and Loomis, J. Physiol., 77, 35, 1933, .« 30us
vepor in expired air. e ) |

Galcotti, G., Biochem. Z., 46, 173, 1912, Ho0 sat. exp.

. alr gnd effedt of relative humidityo

Grollman, Boo Jo Gen. Physiology, by (5) 495-506 (1928).

Lilgestrand and Sahlstedt, Skando Archiv° fur 3 siclogle

46, 94-119, 1925.

Moritz, A. Ro- ana Welsiger, J. Ro. Effects of Cold Air on.
the Air Passages and Lungs. Archives of Int. Med. 75, -
233 (1945). g

Orzagh and Duboczky, Orvosi Hetilop 83, 989w9929 1938,

Perwitzsshky, R. Archive fu OluennNaser und Kehlkopfhell-
kunde. 117, 1-36, 1928

Robinson, Turrell and Gerklngc An, Jo Physiology9 143 (1),

T pp. 21=32, 1 Jen. 1945, Equ*valenh Conditions of Afr™

T@mpgratur@ and ﬂumiditvo

Spealman, C. R., X=163, NMRI, 25 April 1944,

Lanning, J. Ho 1Inde. an° Chem° An° Ed. 4, Noo 3 286<
287, 1932,

Powéily R, W, Phys. Soc. London, Proc., 48, 406-414;
1856, - : : : .

1

VWiinslow, Herringhon and Nelbach, Am. J. Hyg., 35, 27=39,

2o e

‘I
\

¢

'

S

E:

e
A

it

[PPSR s

e s U | S

N

[T

b b




A e

T

A 2

e H

o

n

—
”
Wi
e

1
t
L
[
=
E{-j
r
}
2

B,

c.

Temperature and Relative Humidity of Expired Air.

 TARLE 1

Subject Expiring Through Rubber Tube

I 11§ B e 3N o
Yhils Breath

Breathing through nose. Only last part of expirabtion
{"alveolar air') passing through tube.
near front teeth.

Dry A
Temp. Tempo
9c - . _°c¢

en

Wet

Temp. -
OC‘

34495 0510

g

34,85

at O5 QO

IRE /Ul &Y SSeT

pHg0 Expo

MO Hg

43,82

e
e

Same ag 4, except finsﬁ part of expiration pagsing

through tube.

Dry A

Temp. *+ Tempo
S o

Vet
Temp..
Ocp

34,88 2042

32,46

pPHoO0 Bxpo
e Hgo
36,47

Same as A; except éhermdcouples near pharynge.:

Dry A

Temp o Tewp o
OCP OCp

Wet
Tenmp o
9¢

35050 0 .47

\
\

35,03

“. e e e S S 3 s . T 5 O A (B et

pHgO Expo
mmo Hgo

42,17

- e e s s = o e

Thermocouples F
| | E
Relative ;
Humidity <
"Percent i
99,04 .
Relative f
Humidity 5
Percent N
873; T
Relative ‘
Humidity )
Percent >
97,5

he s L, e ﬂﬂu[ﬂlﬁﬁgiu A v |4



: TABIE 2
" Temperature and Relative Humidiby Measurements in
! Right Main Bronchus. PFirst Expsrimeént.
3 g P S N A o a )
£ o LS PLECQ vy L We G )
! Breathing Air Temp. Temp. Temp. Tempe PHoO . R.H. .
3 Type =~ nouse _ °¢ . %6, . S¢ G  Wi.HE %
NOI’mal N_Ose ) ‘1‘124‘02 57 082 100@ 560?4 46’059 9401
L, - - B . I AN )
' Hyperveri. Mouth 24,2 37,96 1.06 36.90 46.75 94,1
Hyperven. Noss 236,85  37:82 0,98. 36,94 46,87 94.9
Normal Mouth “38o5 T B7.8L 1,09 38.72 46.33 94,1
] Normel Noge  452,4  B7.,05 1,09 36.86 46567 sl
Hypsrven. Mouth 222454  B8o10 137 36,73 46,34 93,0
i
| Hyperven., Nose $2204 37,75 126 35,49 45,75 93,2
Nowvinal Mouth 2204 B7.70 1.86 36044 45,82 93,5
| 1/2 hour after experiment:
i
; Mouth Tempo. = 36,5° ¢ Rectal Temp. = 36.8° C
= - - - =
o
2 . R
Lo !
I —{};\ . .




TABLE 3

Vo ' N
i
|
: Trachea and Right Main BrohchusSw
;
: Breathing "
. Locationn™
- -of Thermos . L
g couplies _ _Pk_i_'g_%_:_‘ Tyge Roube
. Glottis  Insp, Hypews Mouth
4" Below S
Glottis Insp. Hyper. Mouth
Rto, Main . :
‘Bronchus Inspo. Hyper. Mouth
Rbo Main
Bronchus  Exp, Hyper. Mouth
) insp oﬁ g
and .
Ixp. Hyper . Mouth
- .. Torma} Nose
Normal Noss
: Mouth Temp., = 36,8° G
- . B
y
;
[ -
7
b L)
o
“(},Q!; - Y
3““"{ .
A
% ‘¢
m';‘( AN
: ———L‘ k L g

Inspired

Aty Temp. Teom
.oc g o)

Temperaturs anhd Relative Humidity Measuremends in
Second Experiment.

c

-21.0
=24 o2
°2%§2
25,0
"?25'(02

22308
2105

S37.06 =

Temp. mm.
i Hg

37403 G080 36, 45063

560085 Q.84 |

37,04 Q.73
87025 077

—_— —

c
»
.

,,,,,,,, . Pt 3 e i e ey
—
i
- -~

36,31 45,81

38,48 45,76

B7.12 0,78 36,34 45,88

et e i Ot BW i, Bt b i J

[Se 1
2
O

|(Q
Gt
s

G

om

o

144

hd SRl bt i

)

2.9 Aes i

[

o
¥ Yo.

ISP A N

v
o

CAE
© Aar

e e oa'ugt o HE S



ol

i YT v L

2 -

N e s

s e & o -
Py it S S A | B Bt T AT S i . CHETOOWTE T MR id.%..n,.%;rijz,di
| h
|
———r g = pamcy z r ] w“ ,, :ﬂ \ |
oo » . 1 | K
= TIHOUHD = — — " NVANYLONOD i 9 a : ﬁm
' i . (1 o ' ﬁ
e o 2el a.-v '
WILSAS 3INSNCGIOWHIHL bBE a |
40 WvyOYIQ I 3¥n9HId v 81 350790 ‘v Ov3Y OL o
I
ﬁ _ “\\—N 1 i
! il ] v ‘
Tt .“ o - ,
Mt AW x.:z ommu>8 g b PN _ - oy
o o g o e e o o e == — - el 1 > 2 | v . "
llll.l....wllul.wnllllll...l.ﬂul...,.lu?ll.lu .llm. N u u dNW3 - ,
A ¥ILIHIVO NI 8 BY o 1w s :
! _ v W
; ) ! 1
hl i ‘,
! __ \ _
: Ve 0
i ! _.m_” - “ .\4.:. . B ® \ﬂ..l.
. 3 \Iltll%lll...rlll.l.l..llllllll..ll.._._.___u _ : i 9 : . %
e Y AT ;
B . i
i " I _A _ ’ N
_ g s malind’ v ey et v ——— o ey Wom— s ) I.m, : L g
, ’ , | m
| ' |
| . .
k " ]
| .
! I ‘o m
oo
- | .
i o . _‘
W R P il a—— ang PP R <:,

o0 ol e ot o BT Ve v

___.m‘.__ . w,,.m.f

f(!lhmd“ﬁﬂvv

i %_\




	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016

